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Sway Bar Design
Anti-roll / stabilizer bars: mechanics, rollover risk, types, tuning and end links
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Key Terms
Sway bar Also called a stabilizer bar or anti-roll bar. A U-shaped steel bar (solid or hollow) linking the left and right suspension,

mounted to the lower control arms or struts.
How it works Acts as a torsion spring: when one wheel rises relative to the other the bar twists, resisting body roll and transferring

load between the outside and inside wheels.
End links Short rods with a ball joint or bushing at each end that connect the bar to the strut or control arm. A very common

suspension wear item.
Tripped rollover Caused by curbs, soft soil or roadside obstacles.
Untripped rollover Caused by steering maneuvers, sharp lateral acceleration or speed.
Roll distribution How total roll stiffness is split front/rear. Sets the understeer / oversteer balance.

Key Relationships

Load Transfer Ratio LTR = (Fz,R − Fz,L) / (Fz,R + Fz,L)
Side-to-side wheel load comparison. As |LTR| → 1, wheel lift-off and
rollover become likely.

Bar torsional stiffness Kbar ∝ G·J / L Stiffness scales with the cross-section's polar second moment of
area J. Standard torsion relation.

Solid section J = π d4 / 32 d = bar diameter. Small diameter increases give large stiffness
gains.

Hollow section J = π (D4 − di
4) / 32 Hollow bars keep most of the stiffness at lower mass.

Roll angle trend φ ↑ with mveh and CGz; φ ↓ with Ksusp and
Ktire

Heavier or taller vehicles need upsized bars for the same roll
stiffness.

Types of Sway Bars
Type Pros Cons
Solid Durable, inexpensive Heavy; can transmit more noise and vibration
Hollow Good strength-to-weight balance More expensive to manufacture
Tubular (steel or aluminum) Lightweight, strong, effective Tends to cost more
Adjustable Stiffness can be fine-tuned; popular in motorsport Higher cost
Split Easier installation (divided in the middle) Less common
Passive (mechanical) Simple, compact, affordable Limited stabilizing efficiency
Active (hydraulic / electronic) Adjusts stiffness automatically; better ride and handling Complex and expensive

Tuning Rules of Thumb
• Higher total roll stiffness = less body lean.
• Stiffer front bar moves load transfer to the front axle and, because of tire load sensitivity, reduces front grip: more understeer.
• Softer front bar or stiffer rear bar shifts balance back toward the front tires: less understeer.
• Production cars are generally tuned toward mild understeer because it is more predictable.
• Newey's oval-track understeer fixes: add front downforce, soften the front anti-roll bar, change stagger, adjust crossweight.
• Rollover risk rises with higher CG, narrower track, higher speed and sudden steering input.

Worn End Link Symptoms
• Clunking or rattling over bumps and potholes. • Uneven tire wear (feathering or cupping).
• Excess body roll, vague or delayed steering. • Most noticeable in fast lane changes, sharp turns or when fully loaded.

Key Facts

1919
First stabilizer bar patent (Stephen
Coleman, Fredericton, NB)

1950s
Bars became common as softer coil
springs spread

≤ 18%
Share of rollover crashes that are
fatal, highest of any crash type

LTR → 1
Wheel lift-off threshold

Trade-off: added roll stiffness reduces wheel independence, which can hurt ride over uneven surfaces. Bars add weight and complexity; active systems add significant cost.
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